Aim: Worldwide data indicate that antibiotics are frequently used inappropriately. The objective of this study was to investigate the extent of storage and wastage of antibacterial agents in households in Novi Sad, Serbia.
INTRODUCTION
Recent analysis has shown that Serbia belongs to countries with high consumption of antibiotics (1, 2) . The Republic of Serbia is a South Eastern European country in socioeconomic transition and in the process of harmonization with health laws of the European Union. Serbia has been an independent state since 2004 and is one of the few countries in Europe which has not joined the European Surveillance of Antimicrobial Consumption (ESAC) project yet.
Worldwide data indicate that antibiotics are frequently used inappropriately (3) . This inappropriate use may contribute to antibiotic resistance, which is reaching alarming levels in Southern and Eastern Europe (4) . Disregarding the problem of antibiotic resistance leads not only to unfavourable medical consequences, but also to substantial ecological and economic consequences (5) (6) (7) (8) .
A limited number of surveys have been conducted around the world to explore the extent of antibiotic storage in households. The study conducted in Spain showed that the storage of antibiotics in households is an important factor which increases the cost, reduces the efficiency and decreases the quality of antibiotic treatment at the community level (9) . Similar studies carried out in Russia and Palestine indicated that antibiotics were widely stocked among the general population and often used for self-medication (10, 11) .
Level of antibiotics storage and wastage in households is a topic of great interest and such study has not been carried out in Serbia. Therefore, the objective of this study was to investigate to what extent antimicrobials are stored and wasted in a sample of households in Novi Sad.
MATERIALS AND METHODS
This is an observational, cross-sectional study of the characteristics of storage and wastage of antibacterial agents in households in the city of Novi Sad, Serbia. To the best of our knowledge, this is the first study of this type in Serbia. The study protocol was approved by the Ethical Committee of the Faculty of Medicine in Novi Sad. The study was performed in eight months period (December 2011-July 2012) and involved a sample of 383 households in Novi Sad. Sample size was calculated according to results of a pilot study researching self-medication conducted in 2010 in 191 households in Novi Sad, Serbia, where percentage of drugs that were bought without prescription or consultation with physician was 46.8%. Based on this result, a sample size necessary to estimate the proportion of drugs bought without prescription with 95% confidence interval and 5% precision was 383 households.
The White Pages telephone directory with listing of noncommercial telephone subscribers was used for sampling. Systematic random sampling was performed by choosing the first number by random and dialing every 30th until the sample of 383 households willing to cooperate was reached. In total, 1,008 households were contacted (response rate 38.0%). According to 2011 Census of population, households and dwellings in the Republic of Serbia, the number of households in Novi Sad is 115 294, thus our sample include 0.33% of households. The survey was performed in Serbian language by a trained interviewer who informed the respondents about the aim of the study and asked for permission to visit them at home. Only the families willing to cooperate were included in this study. The respondents were Serbian speaking adults (≥ 18 years of age) responsible for the home medicine cabinets. If the right person was not available, the interview was performed with another randomly selected Serbian-speaking adult in the household.
The study consisted of a personal insight into the inventory of drugs and antibiotics in households and interview. Questionnaire was pre-tested on a small sample of households to ensure satisfactory validity and clarity. The questions were of varied format: checklists and closed-ended questions. The first part of the questionnaire focused on questions about age of the interviewee, educational level of the interviewee, number of family members and their ages, presence of any family member with a chronic disease, and presence of any family member with an acute disease (in the last two weeks). The second section of the questionnaire included questions about total number of stored drugs including antibacterial agents, whether the drug was obtained with a prescription or not, expiry date of the drug, whether the drug is stored in original packaging or not, and where the drug is stored. The last section of the questionnaire completed by the researcher included therapeutic class and dosage form of stored drugs, and monetary value.
For the purpose of this study, antibacterial agents were defined as those listed under the J01 category of the Anatomical Therapeutic Chemical (ATC) Classification System. In this study, each drug was considered as a separate item. For example, amoxicillin 500 mg capsules and amoxicillin 250 mg suspension were counted as two different items.
Statistical analysis was performed with SPSS software (SPSS 15.0 for Windows, SPSS Inc., Chicago, IL, USA). Results were presented as frequency, percent and mean ± standard deviation (SD). For parametric data of independent samples t-test was used to test differences between groups. For numeric data with non-normal distribution and ordinal data Mann-Whitney U test was used. Chi-square test was used to test differences between nominal data (frequencies). The relationships between parameters were evaluated by Pearson and Spearman correlation analysis according to the distribution of data. All p values less than 0.05 were considered significant.
RESULTS
The total number of drug items present in 383 households was 4,384 with an average of 11.4 ± 5.8 per household. 318 drug items belonged to J01 (antibacterials for systemic use) class, constituting approximately 7.3% of the total stored medications. The number of antibacterial drug items by number of households is shown in Table 1 . Of the 383 families, 46.5% had at least one item belonging to J01 class stored at home. The average number of antibacterial drug items per household was 1.8 ± 1.0. The median number of antibiotics per household was 1 (range 1-5). In 13 (7.3%) families more than one pack of the same antibiotics was found. The most common antibacterial agents encountered in households that were not in current use were cephalexin (22.1%) and amoxicillin (16.6%), followed by co-trimoxazole (11.4%), doxycycline (11.4%), and amoxicillin/clavulanic acid (9.2%) ( Table 2 ).Total number of 318 antibacterial items stored belonged to 21 different types of antibacterial agents.
From the total stored antibacterial drug items, 47 (14.8%) were currently used, while even 271 (85.2%) were leftovers from previous use or supplies for the future use. The most common dosage forms of stored antibacterial drug items were oral solid dosage forms 288 (90.9%), followed by oral liquid dosage forms 30 (9.4%). Antibacterial agents were usually acquired with prescription or recommendation of healthcare provider (67.7%), while about a third of packages (32.3%) were purchased at pharmacy without prescription or recommendation of doctor (usually based on the previous experience or as recommended by friend).
The demographic and socioeconomic characteristics of household members are shown in Table 3 based on the number of antibiotic stored. There is a significant correlation between the number of family members and the number of antibacterials per household (p = 0.014). Families with more members have more antibacterial agents stored. A significant relationship was also found between the number of total drugs in households and the number of antibacterial agents (p < 0.001), as well as the presence of acute disease and elderly in households and number of antibacterial agents (p < 0.001 and p = 0.023, respectively). Education as 
DISCUSSION
Although some efforts have been made to control antibiotic use in Serbia, it remains an important issue. Several factors could be addressed to explain this situation. One important reason is that distribution of antimicrobials was not regulated, and therefore almost all of oral antimicrobials were frequently available without prescription in private pharmacies since November 2011. Nowadays, these drugs are not easily accessible, but it is still possible to purchase antibiotics without prescription in some local private pharmacies. The second reason is the lack of updated national guidelines for antimicrobial use for primary care physicians. The third reason may be the only recent introduction of the system of continuous education of health professionals in Serbia.
The aim of our survey was to get insight into the extent of antibiotic storage and wastage in households in Novi Sad, Serbia. Results of our survey showed that antibacterial agents constituted 7.3% of the total stored medication. Despite the fact that antibiotics should be obtained only with prescription in Serbian pharmacies, these medications still represent considerable percentage of medications in home pharmacies. Comparing the results of similar studies, our result is substantially higher than that reported in Belgium (2%), but also noticeably lower than that reported in Sudan (22%), Iran (13.6%), and Saudi Arabia (14.3%) (12) (13) (14) (15) . Such difference might be a result of different health systems and health seeking habits, different ways of supplying and dispensing of antibacterial agents and different attitudes and knowledge about antibacterial agents among different cultures and countries.
The most common antibacterial agents encountered in households that were not in current use were cephalexin and amoxicillin, followed by co-trimoxazole, doxycycline and amoxicillin/clavulanic acid. The structure of antibiotics in households relatively (1) . The reason for this discrepancy might be that people tended to buy cephalexin more often than amoxicillin for self-medication of potential more complicated infections in the future. Several factors influence the widespread presence of antibiotics in surveyed Serbian households. First of all, if we take into account the fact that the research was conducted shortly after enforcement of laws restricting the purchase of antibiotics without medical prescription (November 2011), some antibiotics found in visited households could represent supplies for future self-medication. Second reason for the levels of storage of antibacterial drug items is patient compliance with recommended treatment. Death of the patient, change in prescription, repeated filling of prescriptions without assessing the amount at hand were identified as major reasons why medicines are no longer used and expire. Furthermore, patients do not see a reason for continuing medication following a therapy change by the doctor or after the subjective perception of an improvement of their conditions. Nonadherence can stem from deliberate action of the patient related to individuals' beliefs (intentional non-adherence) and from factors outside the conscious control of the medicine user (unintentional non-adherence) (16) . Patients often forget to take medication or may be unable to afford a full course. They tend to consider antibiotics as antipyretics that treat symptoms and stop taking them as soon as they feel better, which produces leftovers (17) . Keeping leftover medication for future use was another source of misuse, because these antibiotics are kept in uncontrolled conditions and potentially used later without a medical prescription. Several studies in the USA have demonstrated considerable self-medication with antibiotics obtained from leftovers from previous courses (18) (19) (20) (21) . To reduce self-medication with leftovers, prescribed antibiotics should not be dispensed according to the package size. The practice of dispensing exact numbers of antibiotic tablets in pharmacies as implemented in the UK, the Netherlands, the Czech Republic, and Israel as well as in the USA, could be promoted in other countries (22) .
Patient noncompliance with recommended treatment and storing antibiotics for future use are two main reasons of the drugs wastage. Our survey performed in 2010 demonstrated that there is a large stock of unused and expired medications in Serbian households (23) . According to findings of the survey, only 14.8% of antibiotics were in current use, thus is not surprising that one out of five antibacterial agents (20.8%) had passed the expiry date. Such practices impose not only health risks, but also economic loss both at individual and national level. Furthermore, recent study conducted in South Backa district, including Novi Sad as a major city, reported that the most common method for disposal of medications in households is disposal in the garbage which raises concerns about environmental contamination (23) . According to the regulations of the Republic of Serbia on pharmaceutical wastes, pharmacies are required to collect pharmaceutical wastes from citizens, but the big issue is who would take responsibility and continue to pay for the storage and destruction of the waste because both wholesalers and manufacturers avoid this obligation. The collection of unused drugs from the public is in its infancy in Serbia, and responsibilities for the overall collection and storage of pharmaceutical waste are yet to be defined. The consequence of improper disposal is the presence of pharmaceuticals in groundwater, lakes, rivers, and even drinking water, which is a huge environmental problem that will continue to grow as the population expands and more medications are dispensed. The environmental significance and human health risk that it represents is hotly debated, and the true risk may not be known for years (24) (25) (26) .
Studies performed in low-income countries have shown that the determinants of self-medication with antibiotics include the cost of medical consultation, low satisfaction with medical practitioners and misconceptions regarding the efficacy of antibiotics (27) . Similar situation is in Serbia. In order to avoid not very easy way to reach chosen general practitioner (GP) in state owned primary practice, who can exclusively prescribe the medication, many people in Serbia are prone to self-medication. Other reasons include the high number of patients per one GP and time spent in clinics -usually several hours. The majority of patients are not willing to consult qualified medical personnel to obtain a proper diagnosis and prescription for their health condition. Although we did not interview the patients on their reasons for this behaviour, the commonly given reasons include no time to consult a doctor, crowded clinics, impatience and ignorance of patients (28) . On the other hand, doctors who work in private clinics are much more easily accessible, but only a small number of people can afford it.
In this study, the number of antibacterial agents stored in households was significantly associated with family size and number of total drugs stored. These results were anticipated since large families would be expected to consume more medications including antibacterial agents. A significant relationship found between the presence of acute disease and number of antibacterial agents was also expected, since acute diseases are mostly treated with antibacterial agents.
Our study has several limitations. First limitation is relatively small sample of investigated households. Secondly, Novi Sad is a university town with a large proportion of higher educated people, so generalization for other areas of Serbia should be done with caution. Another limitation is that was not possible to monitor the actual compliance use with the dosing regimen. Nevertheless, our study is important to underscore the need for educational efforts about antibiotic use. Furthermore, our study also provides a basis for future research on the problem of nonadherence to antibiotics among Serbian people as well as on accessibility and reliability of the medical information sources regarding antimicrobial agents.
According to the findings of this survey, patients represent a significant source of antibiotic misuse in the community. Nevertheless, inappropriate use of antibiotics is not exclusively a Serbian issue, developing countries are much more affected. Despite the enforcement of the law regulating the sale of antibiotics, antibacterial agents were commonly encountered in Serbian households, and a relatively large percentage was wasted. To reduce self-medication and misuse of antibiotics to greater extent, educational programmes targeting both healthcare professionals and consumers are urgently needed. A strong cooperation between healthcare providers, including researchers and consumers, is the real key to success.
